Introduction
The incidence of cancer in females under the age of 20 in the USA is 17.7 cases per 100,000 persons per year [1••] . Significant advancements in cancer therapies have led to an improvement in survival with the 5-year relative survival rate for females in this age group approaching 85 % [1••]. As a result, it is estimated that there are more than 100,000 females under the age of 20 living with a malignancy and over 380,000 survivors of childhood cancers in the USA [1••, 2] . The impact of cancer and cancer therapies can lead to an increase in both immediate and delayed adverse reproductive health outcomes [2, 3] . Here, we discuss common gynecologic concerns in the pediatric and adolescent patient with cancer.
Cancer therapy Chemotherapy/radiation
The use of multi-agent chemotherapy and/or radiation in treatment of childhood cancers is common. The ovary is particularly sensitive to the adverse effects of cancer treatments due to the finite number of oocytes [4] . Although females are born with about 1-2 million primordial follicles, by puberty, only about 300,000 to 500,000 follicles remain which continually undergo a process of recruitment, atresia, and apoptosis [5, 6] . Cancer treatment can accelerate the depletion of these oocytes [5] . This in turn may lead to ovarian insufficiency or failure, which may result in a temporary or permanent effect on both endocrine function of the ovary and reproductive capacity [7] .
The risk of ovarian toxicity is proportional to patient age and pubertal status with younger girls less susceptible due to higher oocyte stores [8] . The type and dose of chemotherapeutic agent or radiotherapy, total radiation dose, and field involved are all factors in immediate and delayed effects [3] . Chemotherapeutic regimens containing alkylating agents are known to be particularly gonadotoxic even in pre-pubertal girls [8, 9] . Exposure to abdominal, pelvic, or spinal irradiation increases the risk of ovarian gonadotoxicity if the ovaries are in the radiation field, and cranial radiation may result in disruption of the hypothalamic-pituitary-ovarian axis (HPO) [3, 9] . In addition to the gonadotoxic effects, pelvic radiation doses of greater than 5 Gy may compromise uterine and endometrial growth, particularly at younger ages. This further increases the risk of infertility and pregnancy complications [5, 8] .
Surgery
Surgical resection of the reproductive organs to treat pelvic malignancies can result in loss of ovarian function and/or infertility [3] . Additionally, cranial surgery can lead to a dysregulation of the HPO axis and later to endocrine dysfunction.
Pubertal concerns Precocious puberty
Precocious puberty (PP) is defined as the onset of breast development before age 8 years in girls [10] [11] [12] . Although there is controversy regarding the onset of puberty between ages 6-8 being normal, the validity of those recommendations have been continuously questioned [10] [11] [12] [13] . As such, it is recommended that pubertal development in girls younger than age 8 years of age should be evaluated to avoid missing potential pathology [14, 15] .
Central precocious puberty (CPP) results from early maturation of the HPO axis and occurs in those who have lost inhibition of hypothalamic gonadotropinreleasing hormone (GnRH) release as a result of tumor presence, raised intracranial pressure, cranial surgery, or cranial irradiation [15] [16] [17] . Radiation dose of greater than 18 Gy and younger age at treatment are risk factors for CPP in the survivor [17] . Additionally, peripheral precocious puberty independent of GnRH secretion may result from estrogen-secreting ovarian tumors such as granulosa cell tumors [15] . The primary concern of PP is rapid bone maturation with a resulting reduced adult height; however, other long-term consequences include increased risk of reproductive cancers, metabolic syndrome, increased stress and anxiety, and negative psychosocial consequences [15, 18] . Peripheral PP as a result of malignant estrogen-secreting tumors is treated with surgical removal of the tumor. The decision to proceed with treatment of CPP is individualized and based on considerations of final adult height and psychosocial influences [15] .
CPP is treated with GnRH agonists (GnRHa) which can also be initiated before or during cancer therapy if indicated. This medication acts to decrease pulsatile secretion of endogenous GnRH by providing constant serum levels of GnRH, which in turn leads to desensitization of GnRH receptors and gonadotrophin secretion [11, 15, 19, 20] .
There are several GnRH agonists available in the USA. Despite different routes of administration, dosing, and mechanism of action, they are all effective at treating CPP and individual selection should be tailored to the patient [19] . Treatment can be administered via daily subcutaneous injection or nasal spray, intramuscular injection every 4 or 12 weeks, or by sustained release yearly subcutaneous implant [10, 11, 15, 19] . First-line treatment with longer-acting injectable GnRHa or subcutaneous implant should be considered due to adequate pubertal suppression with the additional benefit of fewer painful injections and facility visits which may aid with increased compliance and patient comfort [11, 19, 21, 22, 23•] . The 11.25-mg depot leuprolide 3-month injection is used most frequently for this indication in the USA [11, 19, 21] . In addition, a recent study on the depot triptorelin embonate 22.5-mg 6-month injection has been reported and shows promise for a longer-acting extended injection regimen [23•] . The 50 mg histrelin implant has emerged as a beneficial longer-acting option that may have benefits in pubertal suppression beyond the 1 year duration of use [11, 21, 24••] . This was supported by a study of 33 children with CPP in which equivalent rates of pubertal suppression were found in children who used a single rod for 12 or 24 months [24••] .
Delayed puberty
In the pre-pubertal or early pubertal girl, cancer and its therapy may alternatively result in delayed, interrupted, or absent puberty due to hypogonadism and result to low sex steroid production [3] . Central hypogonadism signaled by low follicle stimulating hormone (FSH) and luteinizing hormone (LH) can result from cranial tumors or as a result of high-dose cranial radiation (930 Gy). Alternatively primary hypogonadism may result from direct gonadal toxicity due to therapeutic effects signaled by high FSH and LH levels [25] . Delayed puberty has negative implications for bone mineralization and psychosocial well-being [26] . Management in conjunction with a pediatric endocrinologist is important to insure appropriate pubertal development and initiation of sex steroid hormone replacement as needed. The goal of sex steroid replacement with estrogen is to optimize height and bone health while mimicking the normal pubertal progression of peers with slow and gradual increase in hormonal concentrations [26] [27] [28] [29] . Cyclic progestin is later required for endometrial protection, and can be initiated prior to or after menarche, but only after substantial breast development [29, 30] . A variety of sex steroid replacement options for pubertal induction are available (Table 1) [26, 27] . However, studies are needed to determine the optimal delivery for pubertal induction [27] .
Acute ovarian failure and primary ovarian insufficiency Acute ovarian failure (AOF) is defined as loss of ovarian function within 5 years of treatment and is reported in about 6.3 % of survivors [8, 31] . AOF is more likely to occur with radiation doses greater than 10 Gy, exposure to alkylating agents, and in older adolescents as younger ages are less susceptible due to higher oocyte stores [8, 31] . Female survivors who retain ovarian function are at higher risk of later developing primary ovarian insufficiency (POI) formerly called premature menopause, which is defined by the presence of menopausal-level serum gonadotropins in association with irregular menses in a woman younger than 40 years [8, 29, 32] . POI is the preferred term because ovarian function is often intermittent or unpredictable in many cases [29, 33] . The cumulative incidence of POI among cancer survivors is about 8 % compared to sibling controls with a cumulative incidence of G1 % and the risk is highest for survivors treated with an alkylating agent plus abdominal-pelvic radiation with a cumulative risk approaching 30 % [8] . POI adversely affects quality of life by increasing the risk of irregular/abnormal menses, psychosexual dysfunction, menopausal symptoms, infertility, ischemic heart disease, and osteoporosis [3, 8] .
Hormone replacement therapy (HRT) with estrogen and progestin is needed to maintain bone, brain, and cardiovascular health and prevent other adverse effects (Table 1) [29] . Unlike pubertal induction, HRT for an adolescent with POI that has completed pubertal development can initiate full replacement dose of sex steroid hormones. Finally, as there is a 5-10 % risk of conceiving among patients diagnosed with POI, barrier methods or intrauterine system (IUS) should be used for contraception [29, 34] . The levonorgestrel (LNG) containing IUS has the benefit of providing both endometrial protection and effective contraception.
Fertility considerations and preservation options
It is well established that survivors of childhood cancers are at increased risk of infertility which may be transient, permanent, or delayed [8, 35, 36] . The ability to have biological children is one of the most important quality of life issues in survivors of childhood cancers [4] . Both parents and patients are concerned about the risk of infertility related to cancer and its treatment [37] . Additionally, studies have shown that receiving specialized counseling about reproductive loss and pursuing fertility preservation is associated with less regret and greater quality of life for survivors [38] . The American Society of Clinical Oncology (ASCO), American Society of Reproductive Medicine (ASRM), and American Academy of Pediatrics (AAP) recommend clinicians to discuss risks to fertility and preservation options and make appropriate referrals to a reproductive specialist when needed prior to i nitiating treatment
Fertility options
Fertility preservation options depend on a variety of factors including patient age, diagnosis, risk of anticipated treatment, available time, and overall health of the patient [25, 39••] . However, patients should also be counseled that no option can guarantee fertility. 
Ovarian tissue cryopreservation
Ovarian tissue cryopreservation (OTC) is an experimental option available only under study protocol for young women and post-pubertal girls unable or unwilling to undergo ovarian stimulation and is the only option for pre-pubertal girls [4, 39••] . In this procedure, the entire ovary or a portion of the ovary is removed and the ovarian cortex containing the follicles is cryopreserved. The cryopreserved tissue is later re-implanted. At least 42 live births have been reported worldwide using ovarian tissue cryopreservation in patients who were pubertal at time of ovarian tissue cryopreservation [47] . Transplanted tissue may additionally restore hormonal function in addition to reproductive capacity; however, function is typically limited and has been shown to last 9 months to 3 years [48, 49] . The safety of reimplantation of ovarian tissue has come into question as there is concern that ovarian tissue re-implantation may lead to reintroduction of cancer cells primarily with blood-borne cancers such as leukemia [50•] . Current research is investigating methods to mature and fertilize follicles in vitro without transplanting tissue, which may allow preservation of fertility without risking reintroduction of cancer cells [25] . At our institution, we have done over 50 OTC procedures to date.
In vitro maturation
In vitro maturation (IVM) is another experimental technique in which immature oocytes are retrieved with minimal or no ovarian stimulation and matured. The oocytes can then be cryopreserved with or without fertilization [43] . There is currently no available data on its use and efficacy in cancer patients and controversy exists regarding its place among other assisted reproductive techniques [43, 51] .
Ovarian transposition
Ovarian transposition or oophoropexy can be utilized in patients undergoing high-dose radiation to the pelvis. The ovaries with or without the fallopian tube are moved ideally 93 cm outside of the radiation field [25, 52] . Transposition can reduce the rate of radiation exposure 50-90 % [52] . However, its benefits in fertility preservation is debated as most studies evaluating success used return to menses as a surrogate marker for ovarian function, which gives little information on a woman's future reproductive and fertility potential. Furthermore, it does not protect the uterus from structural and vascular damage [25] .
GnRH agonist therapy
GnRHa has been proposed as a method to preserve ovarian function by mimicking the pre-pubertal state thus limiting the number of actively dividing cells and decreasing utero-ovarian perfusion which limits chemotherapy delivery to the ovaries [53] . However, its use for this indication remains controversial as human studies have shown inconsistent results [25, 54, 55] . As a result, it is not recommended as a standalone option to preserve fertility [ 
Menstrual regulation and suppression
In oncology patients, suppression of menses is mainly used to prevent anemia and thrombocytopenia, but can also be used to provide relief of menstrual-related symptoms. There may be a higher risk of heavy menstrual bleeding with hematologic malignancies or as a secondary effect of treatment that induces myelosuppression [56] . As such, menstrual regulation and/or suppression may be crucial. The overall aim of treatment is for a high efficacy option without causing harm.
GnRH agonist
GnRH agonists for the purpose of menstrual suppression are given as an injectable medication, which offer a high amenorrhea rate (73-97 %) [57] . GnRH should only be given for a limited time during chemotherapy treatment and/or during the timeframe that the patient is at elevated risk for decreasing blood count secondary to treatment or malignancy. These medications have been proven to be superior to depot medroxyprogesterone acetate (DMPA) in preventing moderate to severe bleeding in young women undergoing myelosuppressive chemotherapy with subsequent severe thrombocytopenia [58] . In our practice, 11.25 mg depot leuprolide is typically chosen and given every 8 to 12 weeks IM. Alternatively, if the patient is thrombocytopenic, leuprolide IV can be given daily until platelet counts are safe for an IM injection to be given. Possible side effects of treatment are hot flushes, insomnia, joint pain, weight gain, and mood disturbance. The main risks of GnRH agonists are a decrease in bone mineral density (BMD) and local contusion or hematoma at the injection site. Patients should be offered add-back therapy with either norethindrone acetate 5 to 10 mg daily or very low dose estradiol with progestin to prevent vasomotor symptoms and negative impact on BMD. Norethindrone acetate is a progestin with estrogenic action, which has been shown to be as effective as low-dose estradiol in prevention of decreased BMD and vasomotor symptoms. Add-back therapy can be started immediately or delayed for up to 6 months based on physician and patient preference, as well as clinical symptoms [59, 60] .
Progestin-only pills
Progestin-only pills (POP) can be used to obtain menstrual lightening or suppression at variable rates. Low-dose POP (norethindrone 0.35 mg) can be given continuously for menstrual suppression; however, the rate of amenorrhea is low, reported around 10 % [61] . High-dose POP is typically more effective in achieving complete menstrual suppression and amenorrhea can often be achieved within 1 week. However, unlike low-dose POP, high dose is associated with increased side effects such as acne, weight gain, headache, lipid profile changes, and mood disturbance. In our practice, we commonly utilize norethindrone acetate 5-20 mg daily, titrated for amenorrhea and side effect profile. Due to the need for daily oral medication, the success of this treatment relies on compliance. There are a few options for treatment regimens with high-dose progestin pills, including norethindrone acetate, medroxypro gesterone acetate, megestrol, and danazol.
Depot medroxyprogesterone acetate
This injectable hormonal contraceptive is a popular birth control method, which can also be used for menstrual lightening and amenorrhea. Rates of amenorrhea are about 50 % after 1 year of use, though initial irregular vaginal bleeding is common [56, 62] .
DMPA has some theoretical association with a possible increased risk of deep venous thrombosis and pulmonary embolism, although benefits usually outweigh this risk in women with active cancer [63] . However, patients with anemia and/or thrombocytopenia, due to their malignancy or chemotherapy regimen, may not tolerate initial irregular bleeding. Additionally, depending on the platelet levels, intramuscular injections may be contraindicated due to an elevated risk of hematoma formation.
Combined hormonal contraception (pill, patch, ring)
Combined hormonal contraceptives (CHC) can be taken in extended regimens skipping the hormone-free pills which are likely to result in amenorrhea. Greater than 80 % of women report amenorrhea or infrequent menses after 1 year of use [64] . However, there is an increased risk of breakthrough bleeding (BTB) with extended use OCPs. Although combined oral contraceptives (COCs) have been used successfully for management of menses in cancer patients undergoing treatment, there is concern that in patients with malignancy, the estrogen contained in CHC may increase the risk of thromboembolic events [56, 65] . In addition, it is important to consider that some patients might experience nausea and emesis during the course of their malignancy and treatment, and CHC may exacerbate these symptoms leading to a need for discontinuation.
Levonorgestrel IUD for menstrual suppression
The 52 mg levonorgestrel IUD can be used for menstrual lightening and suppression. There is a 97 % reduction in blood loss and complete menstrual suppression is noted in 50 % of patients at 24 months of use [62, 66] . There is an initial risk of light irregular menstrual bleeding for the first 3 to 6 months after insertion. If a patient has established menstrual lightening or suppression with a levonorgestrel IUD in place at the time of her diagnosis of malignancy, it is recommended to continue the device [56] . There is some controversy between physicians on the placement of a new device in patients with active disease due to concerns of infection. However, this has been found to be safe in other immunocompromised states such as autoimmune disease, organ transplant, and HIV.
Contraception
According to the 2013 National Youth Risk Behavior Survey, 47 % of high school students in the USA admitted to previous sexual intercourse and of those, 14 % did not use any method of pregnancy prevention [67] . An unintended pregnancy during cancer treatments may result in delay in therapy, teratogenic exposure, and/or pregnancy termination [3] . For many of these patients, unintended pregnancy is associated with an unacceptable health risk. Medically, these patients present increased challenges due to their underlying diagnoses and the increased risk of thrombotic disease associated with all malignancy. A thorough discussion of indicated contraceptive methods should be undertaken with each patient, with focus placed on efficacy and safety.
The Centers for Disease Control and Prevention adapted the World Health Organization (WHO) guidance to create the US Medical Eligibility Criteria (MEC) for Contraceptive Use, 2010, (with updates occurring in 2011 and 2012) for use by health care providers (WHO, CDC). It can be found in its complete form on the CDC website in the reproductive health section (www.cdc.gov/ reproductivehealth/UnintendedPregnancy/USMEC. htm) [68, 69] . The US MEC ranks contraceptive methods based on a four-point scale from 1 (no restriction on use) to 4 (unacceptable health risk) for a large number of medical conditions, including certain malignancies [69] . Table 2 lists the contraceptive options and certain cancer-specific considerations [69] [70] [71] [72] .
Survivorship care
As discussed above, advancements in chemo-and radiotherapies revolutionized cancer treatment and improved long-term survival of cancer patients. Although many will experience long-standing diseasefree prognoses, many of these potent therapies can result in multiple short-and long-term adverse effects. The Children's Oncology Group (COG) has released evidence-based recommendations for screening and management of these late effects: COG Long-Term Follow-up Guidelines for Survivors of Childhood, Adolescent, and Young Adult Cancer (COG-LTFU Guidelines) [73] . Here, we focus on the guidelines for management of reproductive health which touch on concerns for hypogonadism, precocious puberty, reduced fertility potential, and sexual dysfunction [30] .
Hypogonadism
The COG recommends counseling all girls/women regarding potential risk of POI. In the pre-pubertal patient, monitoring for signs of pubertal development is paramount. Evaluation should be initiated if pubertal development has not started by age 13. LH, FSH, and estradiol levels should be obtained. In the pubertal patient, monitoring for menstrual irregularities in addition to sexual and pregnancy history is recommended. LH, FSH, and estradiol should be repeated for signs of estrogen deficiency or menstrual complications. Bone density screening and referral to endocrinology and/or gynecology in patients with signs of hypogonadism is necessary [30] . Treatment with hormone replacement therapy should be initiated if no pubertal development has started by age 13 and considered in patients with laboratory evidence of POI or without return to menses in 1 year.
Precocious puberty
The COG recommends yearly physical exam examinations should be completed until sexual maturity and includes Tanner staging and routine height/ weight evaluation. FSH, LH, estradiol, and bone age should be ordered with signs of early [30] .
Fertility/pregnancy concerns
The best time to address concerns for future infertility is prior to oncologic treatment; however, in many cases, this is not fulfilled or patients who did receive counseling did not have adequate time or resources to complete preservation options before treatment onset [74, 75] .
The presence or resumption of menses following cancer therapy does not ensure fertility and females who have sustained gonadotoxicity may still have regular menses [38] . As such, markers of fertility potential or ovarian reserve are used to predict the reproductive potential as a function of number and quality of remaining oocytes [6] . FSH + estradiol, anti-Müllerian hormone (AMH) and an ultrasound to assess antral follicle count are currently the tests recommended to assess ovarian reserve [6] . AMH has emerged as the most sensitive marker of ovarian reserve as levels do not fluctuate significantly during the menstrual cycle and it is useful in pre-pubertal girls [76] . Moreover, AMH has been shown to be a useful marker of damage to ovarian reserve as very low levels correlate with risk for ovarian failure after cancer therapy [77] . Although AMH shows great promise, it is not currently recommended in the COG guidelines [30] . There is a wide range of normal values in adult women and normative data in pediatric patients is limited.
For survivors who do show clinical and laboratory signs of POI, discussion should be undertaken regarding options of third party reproduction techniques (egg donation, surrogacy), adoption, and childless lifestyle. Unfortunately, in many areas, cancer survivors face challenges with exclusionary adoption policies due to their past medical history, and providers may be asked to provide documentation of disease-free survival time and expected lifespan [30] .
Most survivors note a desire for future childbearing and endorse belief that their cancer experience will accentuate their parenting skills. However, many experience anxiety due to concerns of pregnancy complications and birth defects from their previous diagnosis and treatments [78] . Reports from the Childhood Cancer Survivorship Study and the Danish population found no association between parental mutagenic exposure (i.e., chemotherapy, irradiation to the gonads) and risk for congenital anomalies [79, 80] . Multiple studies have looked at future pregnancy outcomes of childhood cancer survivors. Although as a whole, pregnancy outcomes did not differ between survivors and control groups; patients with a history of abdominal and/or pelvic radiation showed higher rates of miscarriage, pre-term birth, stillbirth, and neonatal death that appear dose dependent and most likely due to uterine damage [78, [81] [82] [83] [84] .
Sexual dysfunction
Cancer and related treatment may predispose patients to sexual dysfunction; however, information regarding this in childhood cancer survivors is limited. Complications such as vulvar vaginal scarring from radiation damage and graft versus host disease, vestibular gland dysfunction from surgery and irradiation, and decreased hormonal function from ovarian damage are all possible causes of dyspareunia and sexual dysfunction in cancer survivors [25, 85] . Furthermore, depression and psychological dysfunction that may be seen in cancer survivors play a pivotal role in female sexual function [30, 86, 87] . The COG recommends yearly assessment of sexual function and dyspareunia, inclusive of psychological evaluation, medication use, gynecologic concerns, and physical examination when appropriate. Standardized questionnaires such as the Female Sexual Function Index and Brief Index of Sexual Functioning may be helpful to elicit symptoms. Consider referral to gynecologist and/or psychologist for consultation and management as needed [30] .
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